Introduction
The study of correlated-electron materials near a zero-temperature magnetic-nonmagnetic boundary is intrinsically interesting both experimentally and theoretically.
Within the past few years, special attention has been drawn to Kondo-lattice/heavyfermion materials in this limit. Observation of logarithmic or unusual power-law temperature dependences of thermodynamic and transport properties have suggested a non-Fermi-liquid (NFL) groundstate in several Ce-and U-based Kondo-lattice systems in which a T = 0 magnetic-non-magnetic boundary has been accessed by application of pressure or by chemical substitutions. [ [5, 6] . Attempts to describe NFL behavior by these models have met with varying degrees of success, and no consensus has emerged for the origin of these effects. However, many of the materials in which NFL behavior has been observed contain some form of disorder, either produced by chemical substitution on for ligand sites or that is intrinsic to the material's crystal structure.
Comparably interesting has been the observation of superconductivity that develops in some Ce-based Kondo-lattice systems as their magnetic-non-magnetic boundary is driven toward T= 0 by application of pressure. Materials (and critical pressures Pc) where this phenomenon has been found include: CeCu2Ge2 ( -77 kbar) [7] , CePd2Si2
( -27 kbar) [SI, CeRh2Si~ ( -9 kbar) [9], CeNizGe2 (-15 kbar) [ 101 and possibly CeCuz ( -60 kbar) [ 1 11 . This pressure-induced superconductivity is not always reproducible but appears to depend sensitively on sample "quality". Although what precisely is meant by "quality" remains to be determined, there seems to be a correlation between lower residual resistivity and the appearance of superconductivity [ 121. Variations in residual resistivity could come fi-om crystallographic imperfections andor fluctuations associated with proximity to a magnetic transition, but, again, this needs to be established. In any event, the development of superconductivity near a pressure-induced magnetic-nonmagnetic boundary suggests that Cooper pairing may be mediated by some form of magnetic fluctuations and, in analogy to other heavy-fermion superconductors, that the superconductivity is unconventional. Notably, superconductivity has not been found in those materials whose T = 0 magnetic-non-magnetic boundary has been accessed by partial substitutions on either the f o r ligand sites.
CeRhzSi2 is a Kondo-lattice system whose Ne61 temperature (TN = 35K) can be driven to zero at P, ir; 9 kbar [ 131 or at atmospheric pressure by substituting Ru for 4 -Rh [14] . In the following, we compare the temperature dependence of physical properties of these materials near their respective T = 0 magnetic-non-magnetic boundaries.
Experimental
Polycrystalline samples of CeRh2Si2 and CeRh2,RuxSi2 (x = 1) were prepared by arc melting in an inert atmosphere. In the case of CeRh0.96Rul.0432, sufficient grain growth on the surface of the arc-melted button allowed a small single crystal to be mechanically removed for magnetic susceptibility measurements. Powder x-ray diffraction on all samples showed them to be single-phase with the ThCr2Si2 structure. However, specific heat measurements on Ru-doped samples revealed weak anomalies near 5 and 11 K for x = 1.04 and 1 .O, respectively. In view of the magnetic phase diagram for CeRh2-,RuxSi2 [14] , these are consistent with the presence of less than 1 mole-percent of slightly Rudeficient second phase. Specific heat (thermal expansion) measurements on CeRh2Si2 under pressure were performed in a Be-Cu clamp with AgCl (Fluorinert) as the pressuretransmitting medium. Thermal expansion measurements at ambient pressure were obtained with a high resolution (At / t z lo-*) capacitance dilatometer and those as a function of pressure with a strain-gauge technique [ 151. Figure 1 shows the magnetic specific heat C, divided by temperature for CeRh$$z at pressures below and above the critical pressure P, required to suppress its Ned temperature to zero. For pressures sufficiently close to P,, quantum-critical fluctuations should produce a logarithmic or stronger divergence of C,/T at low temperatures An alternative interpretation of this curve for PP, = 0.97 is that the decrease in P/T beginning near 10 K reflects the approach to a magnetic transition below 3 K. In this case, the transition would have to be exceeding broad, with a width greater than 7 K, whch is not the case at lower pressures. Near P,, d&nTN/ dP CeRh2Si2. For the transition to extend from roughly 10 to 3 K would imply a pressure gradient AP = 1.2 kbar in the pressure clamp, if all the broadening were due to non- It is interesting to compare specific heat and thermal expansion measurements on Cem2Siz under pressure to those obtained at ambient pressure when the CeRh2Siz is alloyed with Ru. Substituting Ru for Rh in CeRh2,RuxSi2 initially depresses TN rapidly to a plateau where, for 0.2 < x < 0.8, TN is about 11 K. With additional Ru, TN drops abruptly to zero at a critical Ru concentration xc = 0.95. [14] Magnetic susceptibility x and specific heat measurements on a polycrystalline sample with x = 1 .O show a NFLlike logarithmic increase in x and CmIT over an interval spanning more than one decade in temperature above 1 K. [16] However, this NFL behavior does not persist in the ground state of CeRhRuSi2; instead, C,/T approaches a large, nearly temperature-independent value as T goes to zero, typicaI of a strongly correlated Fermi liquid. The temperature dependence and magnitude of both x and C m could be interpreted consistently assuming that crystallographic disorder introduced by Ru substitution produced a moderately narrow Gaussian distribution of Kondo temperatures around a mean value of about 30 K. [16] Figure 3 compares the temperatwe dependence of C,/T and P/T for a polycrystalline sample with x = 1.0. (We have assumed that the volume-thermal expansion coefficient is equal to three times the measured linear coefficient, even though the crystal structure is tetragonal. This assumption should not strongly influence the temperature dependence shown, but probably does affect the quantitative magnitude of p.) As expected from the thermodynamic relationship between p and C, given earlier, p/T increases logarithmically with decreasing temperature over essentially the same temperature interval where Cm/T K -lnT. The ratio P/Cm K r is weakly temperature dependent for 1 < T < 10 K, which can be accounted for [ 191 semiquantitatively if the distribution of Kondo temperatures also influences r. The divergence of P/T for CeRh2-,RuXSi2 near its T = 0 magnetic-non-magnetic boundary contrasts strongly with results for CeRh2Si2.
Results
Because the Kondo effect arises from hybridization of conduction electrons with a local f-moment, spatial variations in the hybridization matrix element, and correspondingly in TK, should produce a NFL-temperature dependence in potentially anisotropic physical properties of a disordered system, such as the magnetic susceptibility in CeRh2_,RuxSi2. Figure 4 gives the temperature dependence of x for a magnetic field applied parallel and perpendicular to the c-axis of a small crystal of CeRh96Rul.04Si2.
The specific heat of this material is identical to that shown in Fig. 3(a) for CeRhRuSiz.
Although there is large anisotropy in the magnitude of x, both orientations show -tnTdependence in the range 5 I T I 50K. The weak upturn at low temperatures is sample dependent, suggesting that it arises from trace impurities. A polycrystalline average of these data agrees well with that found earlier [ 161 on polycrystal CeRhRuSi2.
The somewhat larger low-temperature value of xaYe, compared to CeRhRuSi2, improves agreement [16] between the mean Kondo temperatures derived by fitting the Kondodisorder model [5] to x and C,/T.
Discussion
As discussed elsewhere in these proceedings [20] , there is growing evidence for NFL behavior in Ce-based materials near their T = 0 magnetic-non-magnetic boundary.
However, except for indications of departure from a Fermi-liquid-like quadratic temperature dependence of the low-temperature resistivity p in CePd2Siz [SI and CeNi2Ge2 [ 10,2 11, there remains no unequivocal evidence for NFL behavior in crystallographically ordered Ce-compounds whose T = 0 boundary has been accessed by pressure. CeRh2Si2 is no exception. The NFL-like p oc AT" (1.1 < n < 1.6) found in In contrast to well-ordered compounds, there is ample evidence for NFL-like thermodynamic and transport properties in systems whose T = 0 magnetic-non-magnetic boundary has been reached by chemical substitutions. The absence of superconductivity in these materials is not surprising because the chemical (and associated hybridization) disorder introduces both elastic and inelastic scattering that would be detrimental to superconductivity, especially if it were unconventional. Although no consensus has emerged for a common interpretation of the origin of NFL behavior in these disordered systems, there is mounting experimental evidence that disorder should not be neglected in any eventual model of NFL behavior in these materials. Precisely what role disorder plays remains to be established unambiguously. It is clear, however, from a number of studies that NFL effects can be found in disordered materials that are relatively far ii-om a T = 0 boundary by virtually any measure of nearness to this boundary. An interesting case is CeRh2-,RuxSi2 in which C,/T ot -tnT even for x = 1.4. [23] This would suggest that disorder may be more important than proximity to a quantum critical point for producing NFL behavior in these materials. subtracted from the total specific heat to obtain C, . Fig. 2 Volume-thermal expansion coefficient p divided by temperature as a function of temperature on a logarithmic scale for CeRh2Si2 at various pressure P normalized by the critical pressure P,. We have assumed that p is equal to three times the measured linearexpansion coefficient even though the material is tetragonal. Note the absence of a divergence in P/T for P/P, = 1.09. 
